Dropout is often used as an outcome measure in clinical trials of antipsychotic medication. Previous research is inconclusive regarding (a) differences in dropout rates between firstand second-generation antipsychotic medications and (b) how trial design features reduce dropout. Meta-analysis of randomized controlled trials (RCTs) of antipsychotic medication was conducted to compare dropout rates for firstand second-generation antipsychotic drugs and to examine how a broad range of design features effect dropout. Ninety-three RCTs that met inclusion criteria were located (n 5 26 686). Meta-analytic random effects models showed that dropout was higher for first-than second-generation drugs (odds ratio 5 1.49, 95% confidence interval: 1.31-1.66). This advantage persisted after removing study arms with excessively high dosages, in flexible dose studies, studies of patients with symptom exacerbation, nonresponder patients, inpatients, and outpatients. Mixed effects models for meta-analysis were used to identify design features that effected dropout and develop formulae to derive expected dropout rates based on trial design features, and these assigned a pivotal role to duration. Collectively, dropout rates are lower for second-than first-generation antipsychotic drugs and appear to be partly explained by trial design features thus providing direction for future trial design.
Introduction
Dropout occurs frequently in clinical trials of antipsychotic treatment. It is an important outcome because it may reflect drug tolerability, adverse effects, and lack of compliance. For instance, in the recent clinical antipsychotic trials of intervention effectiveness (CATIE) study discontinuation was a primary outcome measure. Seventy four percent of CATIE trial participants discontinued their assigned study medication before study completion at 18 months, 1 and dropout rates were roughly equivalent for first-(ie, typical) and second-generation (ie, atypical) antipsychotics. Indeed, high dropout rates are not uncommon in RCTs of antipsychotic medication. Across studies of different durations, meta-analysis has estimated that dropout rates exceed a third of patients treated with antipsychotic medication in RCTs. 2 Meta-analyses have reported lower dropout rates for second-generation antipsychotics than placebo.
2-4 Such reviews, however, are inconclusive regarding differences in dropout rates between first-and second-generation medications. One meta-analysis of studies up to the year 2000 has reported that only clozapine shows significantly lower dropout rates than first-generation medications. 2 Another meta-analysis covering studies conducted through 1998 5 has found differences favoring amisulpride, clozapine, risperidone, and olanzapine over first-generation medications. A meta-analysis of 28 published studies covering 4 of the major second-generation antipsychotics in Western populations through 2003 reported lower dropout rates for second-than first-generation treatment but only for flexible dose studies. 6 Thus, research, based on meta-analyses shows lower dropout rates for secondgeneration antipsychotic drugs than placebo. Research, however, is inconclusive regarding differences in dropout rates between second-and first-generation antipsychotic treatment.
Research has examined how study design features of antipsychotic trials correspond with dropout rates. Wahlbeck et al 2 have reported that dropout increases with trial length and year of publication. Yet, Kemmler et al 3 , who examined placebo-controlled trials up to 12 weeks long, did not find a significant association of dropout and duration, publication year, or use of multiple dosages. Yet, they 3 did find that the presence of a placebo arm relates to a higher dropout rate in the active treatment arm. Furthermore, conclusions regarding secondgeneration antipsychotic medications differ between active-and placebo-controlled trials, highlighting the appropriateness of this comparson. 7 Also, flexible rather than fixed dosage 6 and higher dosages of first-generation medications 5 have been reported to increase the difference in dropout rates between first-and second-generation medications. To provide a more comprehensive consideration of design features than has been covered previously, it is appropriate to consider patients levels of symptomatology and whether patients treated were in or outpatients because these may effect dropout rates.
The current meta-analysis compares dropout rates between first-and second-generation antipsychotic drugs and examines the effects of trial design features on dropout rates. Specifically, we examine the effects of trial duration, presence of placebo arm, number of trial arms, fixed vs flexible dosing, dosage, inpatient vs outpatient, symptom severity, and publication year on dropout rates. All published and unpublished studies irrespective of duration and sample size are included.
Methods

Literature Search
Trial reports were retrieved by an extensive literature search of the Cochrane Central Register of Controlled Trials and PubMed. The former includes published and nonpublished clinical trials and is based on extensive database searches, reference lists of published trials, and contacts with drug manufacturers and primary researchers. 8 The search aimed to identify all double-blind randomized clinical trials of second-generation antipsychotic medications (risperidone, olanzapine, clozapine, quetiapine, amisulpride, ziprasidone, sertindole and aripiprazole) fulfilling the following criteria: being published or presented between the years 1990 and 2006, consisting of any adult patient population with a diagnosis of schizophrenia, schizoaffective or schizophreniform disorder.
Cumulatively our searches rendered 202 references using the following search string ''(efficacy or effectiveness or relapse or remission or safety) and (schizophrenia or schizoaffective disorder or schizophreniform disorder) and (clozapine or olanzapine or risperidone or amisulpride or aripiprazole or quetiapine or sertindole or ziprasidone) and (adult and double mind)'' in either the title, abstract, or keyword for the years 1990-2006. The removal of open-label trials rendered 162 references available. Sixtytwo of these references were secondary publications of studies previously presented in a primary publication, and 7 additionalreferences wereexcluded for missing information on dosing and or on dropout rates. This left 93 trials that met the inclusion criteria (see Appendix). Eight studies compared placebo, first-, and second-generation medications; 44 compared first-and second-generation without placebo; 19 compared second-generation and placebo; and 22 compared second-generation antipsychotic medications. Seven studies (7.5%) were published prior 
Data Acquisition
The following information was extracted from each trial study report: the number of patients randomized to the different treatment arms, the total number of dropouts in the individual treatment arms, trial duration, patient type (stable responder, symptom exacerbation, nonresponder), hospitalization status (inpatients, outpatients, or both), study year, fixed vs flexible dosing, dose for fixed dose studies, and mean dose for flexible dose studies. In some studies, mean dose was not provided and so was estimated from the dosage range. To provide an overview, table 1 includes all studies with at least 100 patients per treatment (see Appendix for data from all studies), and Table 2 presents all placebo-controlled trials.
Data Analysis
To compare the dropout rates within study arms between first-and second-generation antipsychotic medications, meta-regression (random effects metaanalysis) was conducted in R 52 with the rmeta package. 53 For comprehensiveness, this analysis was conduced first for all studies and then for those with at least 30, 50, and 100 patients per treatment. To test whether dropout differences might relate to the use of excessive dosages, analysis was rerun after removing study arms using excessive dosages and then for each second-generation drug. To see whether differences persisted, additional subanalyses were conducted of studies using flexible nonexcessive dosing, studies of nonresponder patients, studies of inpatients, and studies of outpatients.
Excessive dosing was operationalized as doses over the maximal effective dose based on the Davis et al 54 metaanalysis of dose responses. That meta-analysis aimed to identify the near-maximal effective dose, namely, the threshold dose required to cumulate in all or almost all clinical responses for each drug. For example, the near-maximal efficacy dose for chlorpromazine is 450 mg/day and for risperidone is 4 mg/day.
In the second part of the analysis to predict dropout, mixed effects models for meta-analysis were conduced with the Mima function in the R statistical software environment. 55 Covariates included were duration in weeks, number of study arms, presence of placebo, fixed vs flexible dosing, patient type (stable responder, symptom exacerbation, nonresponder), whether study was conducted on inpatients only, whether or not a study arm used excessively high dosages, and study year. Separate models were conducted for first-generation, secondgeneration, and placebo arms. This permitted us to derive
equations for the prediction of dropout that operate much in the manner of typical regression models.
Results
Descriptive Statistics
The 94 studies constituted a total sample size of 26 686 subjects. They received first-(n = 5465) or secondgeneration antipsychotic medications (n = 19 400) or placebo (n = 1821). Participants allocated to first-generation medication ranged from 21 to 660 in each trial. The number treated with second-generation drugs ranged from 21 to 1336, and the number treated with placebo ranged from 22 to 155. The distribution of number of study arms was 2 arms (k = 66; 70.2%), 3 arms (k = 10; 10.6%), 4 arms (k = 6; 6.4%), and 5-8 arms (k = 12; 12.8%). The sample size for each dose arm ranged from 21 to 1336.
Comparing Dropout in First-and Second-Generation Antipsychotic Drugs
First-and second-generation treatments were compared utilizing random effects meta-analysis. To enable comparison of first-and second-generation medications, if the number of treatment conditions was not 2 (ie, one first-and one second-generation arm) then the arms were aggregated. The inclusion of all 52 studies comparing first-and second-generation medications, in figure 1, showed significantly lower dropout rates for secondgeneration drugs (OR = 1.49, 95% CI = 1.31, 1.66; test for heterogeneity: v 2 51 = 116.39, P = 0, estimated random effects variance = 0.1). As shown in table 3, this finding replicated in the 43 trials with over 30 participants in each treatment condition, the 33 trials with over 50 participants in each treatment condition, and the 16 trials with over 100 participants in each condition. It is noted that although the odds ratios dropped slightly in Note: H = Haloperidol, Qu = Quetiapine, Ri = Risperidone, SE = Sertindole, Zi = Ziprasidone, Ol = Olanzapine, Rinj = Risperidone Injectable, Cl = Clozapine, Pe = Perphenzine, Ar = Aripiprazole, Ch = Chlorpromazine. Trials with more than 2 treatments are ordered by drug and corresponding n, dropout number, and % dropout. Placebo arm details omitted.
magnitude with arm sample size, the results suggested that second-generation treatment persistently had lower dropout rates than first-generation treatments. Dropout rates of specific second-generation drugs were compared with first-generation drugs in figure 2 . These results showed a significant difference for amisulpride, olanzapine, risperidone, and an almost significant difference for clozapine and quetiapine. Dropout rates of first-and second-generation drugs were further compared in table 3 by examining subgroups of studies. First, differences were retested after removing study arms with excessive doses (see Methods section) from both first-and second-generation drug arms. After removing 52 study arms in 53 studies due to excessive dosing, 21 studies remained available for analysis that compared first-and second-generation medication.
While based on only a small number of studies, these results showed a significant advantage for olanzapine and a nearly significant difference for risperidone but not for ziprasidone, clozapine, and quetiapine. No data were available to examine amisulpride and aripiprazole after removing excessive dosing. This analysis was repeated after removing fixed dose studies with excessive dosages. Collectively, 122 fixed and 84 overdosed study arms were removed leaving 17 studies available for analysis. Advantages for second-generation drugs were observed (see table 3 ). Next studies of patients with symptom exacerbation, nonresponder patients, inpatient, and outpatient were examined. These too all showed an advantage for second-generation drugs. Collectively, therefore, the current results consistently demonstrate at the aggregate level, for specific drugs even if not overdosed, and accounting for relevant moderators a unitary trend of higher dropout for first-than second-generation antipsychotic treatment.
Predictors of Dropout
Mixed effects regression models presented in table 4 were conducted separately for first generation, second generation, and placebo to examine the association of trial design features and dropout. Trial duration was consistently significant (<.01) in the 3 models. Specifically, the longer the trial the higher the dropout rate. Duration had a large effect size (Zs > 2.56), indicating its influence. In second-generation trials, flexible vs fixed dose also significantly reduced dropout, and for first-generation drugs, there was a nearly significant effect (P = .06) for excessive dosing which increased dropout. Numbers of study arms, presence of a placebo arm, and study year were not significantly associated with dropout.
The regression models in table 4 may be applied to derive expected dropout rates. Caution is warranted because they have not been validated in trials not included in the analysis. To illustrate the use of the equations, the following are examples based on a placebo, first-, and second-generation study arms. Based on the placebo study arm of Pigott et al 44 (SD = 3.65, k = 15). This highlighted that the formula was generally accurate but estimated dropout for some drugs with greater accuracy than others.
Discussion
The current meta-analysis indicates that the use of secondgeneration antipsychotic medication has lower dropout rates than first-generation treatments. Several design features of randomized clinical trials of antipsychotic medications are identified that are significantly associated with dropout rates. Among these, a longer duration was most consistently and strongly associated with dropout, although effects are observable also for dosing (fixed vs flexible) and excessive dosing. Significant effects are not found for publication year, number of study arms, the presence of a placebo study arm, inpatient study, or symptom level. The trial design features that we examined were used to develop an equation to estimate expected dropout rates. The equation shows a reasonable correspondence between predicted and actual dropout rates.
Clinical Implications
A previous meta-analysis 2 covering studies up to the year 2000 reported an effect only for clozapine. Unlike that review, but like a review of 36 selected studies through 2003, 6 our results show significant effects spanning second-generation drugs. Beyond those reviews, the results identify drug-specific effects. Our results also differ from another meta-analysis covering studies through 1998 5 that reports differences favoring amisulpride, clozapine, risperidone, and olanzapine. In that meta-analysis for all but amisulpride, these differences are found only in the Estimate of (residual) heterogeneity: 307.14; test for (residual) heterogeneity: QE = 23856.1; df = 43; P < .0001; omnibus Test of all Moderators: QME = 20.00; df = 8; P = .01. c Estimate of (residual) heterogeneity: 314.62; test for (residual) heterogeneity: QE = 9494.47; df = 19; P < .0001; omnibus Test of all Moderators: QME = 10.62; df = 6; P = .10.
d
Based on study inclusion criteria: 0 nonresponder patients, 1 patient with symptom exacerbation, 2 stable responder patients. fixed and not random effects analysis, and no evidence supporting differences for quetiapine are identified. Like Wahlbeck et al 2 we found that dropout increases with trial length, however, we did not find a significant effect of publication year. While Kemmler et al 3 reports an effect for placebo arms in studies up to 12 weeks long, we did not find a significant placebo arm effect, which may be related to our inclusion of studies regardless of length. We also did not find an effect of multiple dosage regimes. Corresponding to others, 6 flexible rather than fixed dosage was found to effect dropout in secondgeneration and not first-generation arms. Like Geddes et al 5 , we found a nearly significant effect of high dosages on dropout for first-generation medications. Collectively, therefore, our findings support the use of secondgeneration treatment over first-generation treatment where dropout is the outcome.
Limitations
Several limitations are notable. It is not possible to estimate the possible bias introduced by studies not published, although our review was used by the Cochrane database that includes unpublished studies. Also, our meta-analysis does not eliminate studies due to a priori criteria that may have biased the results (eg, including only large clinical trials or only trials of a certain duration). Another limitation is that the current data contain limited clinical information. Such information is likely to influence the study outcomes, although the clinical information our study contained did not (ie, hospitalization status and symptom severity). It is noted that there is a payoff in meta-analysis between number of variables and the number of studies. The approach taken here was to opt for more studies in an unbiased manner, thus maximizing statistical power. Statistical power was, however, small when examining the specific effects of some of the second-generation medications. The number of studies included in the current meta-analysis, however, is much larger than previous reviews. The available data do not yet permit the analysis of long-acting injectable second-generation antipsychotics (eg, risperidone injectable) and thus highlight a direction for future research once enough studies become available. The formula to derive expected dropout rates may be useful to plan trials and compare study results. The formula should, however, be used with caution until it is validated by predicting dropout rates in future studies.
Conclusions
The current results demonstrate that dropout rates are moderately yet consistently reduced by second-rather than first-generation antipsychotic medication. This trend replicates across medications and irrespective of a series of moderators investigated (eg, hospitalization status, dosage). The current meta-analysis represents, to our knowledge, the largest study of how methodological factors effect dropout in clinical trials of antipsychotic medication. The results indicate that dropout rates are significantly influenced by the trial duration, fixed vs flexible dosing, and excessive dosing. These findings provide a significant increment in understanding dropout rates in clinical trials and may contribute to the design of future clinical trials. Collectively, these results show moderate and consistent benefits, indicated by dropout reduction, that favor second-over firstgeneration medications and provide formulae to assist future trial designs.
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